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On Dissolving
the Stackelberg Disequilibrium
??????? ?
In this paper, we consider a two-person Stackelberg duopoly game.
In the quantity game, the ¯rst mover is at an advantage when the goods
are substitutes. Therefore it is natural that both ¯rms try to take the
position of the leader, i.e. the ¯rst mover. As a result the Stackelberg
disequilibrium emerges. The purpose of this paper is to show a model
in which the Stackelberg disequilibrium can be dissolved. We present
a model where one ¯rm is at an advantage when it moves ¯rst, and
another ¯rm is also advantaged when it moves second. Assuming that the
goods are complementary, we introduce asymmetry in the cost functions,
in the sense that one ¯rm's marginal cost jumps from a low level to a
higher one when the output exceeds some positive level, while the other
¯rm's marginal cost remains constant at a low level. Therefore we can
derive that there exists a case where it is advantageous for the former
¯rm to move ¯rst, and another to move second. This shows the
dissolution of the Stackelberg disequilibrium.
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? 1??? 1??? 2??? 2????????????????
p1 = 1¡ q1 ¡ µq2; (1)
p2 = 1¡ µq1 ¡ q2 (2)
????p????q ???????????????????????? 2
???????????????????¡1 < µ < 0??????????
??????
C1 =
8><>:
c1q1; q1 < q
0
1 ; (3-A)
c2(q1 ¡ q01) + c1q01 ; q1 > q01 ; (3-B)
C2 = c1q2 (4)
??????????0 < c1 < c2 < 1?????????? 1????? C1
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8><>:
¼A1 (q1; q2) = (1¡ c1 ¡ q1 ¡ µq2)q1; q1 · q01 ; (5-A)
¼B1 (q1; q2) = (1¡ c2 ¡ q1 ¡ µq2)q1 ¡ (1¡ c2)q01 ; q1 > q01 ; (5-B)
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??????? ¼1 ???????? A????? q01 ??????????
????? c1 ???????????????B????? q01 ??????
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(1¡ c1)(2¡ µ)¡ q1(2¡ µ)2
 q1
2
(8)
??????? q1 ???????????d¼A1
 
q1; q
R
2 (q1)

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????????? 2????? (7)????? 2???????
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(1¡ c1)(µ2 + 2µ ¡ 4)
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?????? 1??????????? A?????????? EA1 ???
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 
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2
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dq2
dq1
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8><>:
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1¡ c2 ¡ 2q1
µ
; q1 > q
0
1 (20-B)
???????????????????????????
EC2 =
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1¡ c1 ¡ 2q01
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
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1¡ c1 (32)
??????¡1 < µ < 0; 0 < c1 < c2 < 1???????
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4(c2 ¡ c1)
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??????? II??????? II??? qB21 < qA21 < qB11 < qA11 ???
???????????? 3??????????
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1¡ c1 < µ < 0?????q
B2
1 < q
B1
1 < q
A2
1 < q
A1
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1¡ c1 ?????q
B2
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0
1 ???

EA1; EA2

;
??? I-ii) qA21 < q
0
1 < q
A1
1 ???

EC1; EA2

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??? I-iii) qB11 < q
0
1 < q
A2
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
EC1; EC2
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µ = ¡0:75; c1 = 0:1; c2 = 0:2??????????? I-i?ii,??? v? 3
?????????????????¢¼1 ???????I-iii????I-iv?
??? ¢¼1 ??????
?????? II??????II-iv???????????? ¢¼iv1 > 0?
????
????
???? ???? ???? ???? ????
?????
?????
?????
?????
?
????
????
????
? 5-1???? I: ¢¼1;¢¼2 ????µ = ¡0:5; c1 = 0:1; c2 = 0:2 ???
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? ???? ???? ???? ???? ???? ???? ???? ???? ???? ????
?????
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¢¼2 · 0???????????????? I-iv?????????????
???????? 1????????? 2?????????????????
???????????????????????????????????
?????????????????????
4. ?????
4 { 1. ??? I
??? I-i???????????? qA11 < q01 ??????? 4-1????
?????? 1??????????? EA1 =
 
qA11 ; q
A1
2

???? 2???
???????? EA2 =
 
qA21 ; q
A2
2

????????? 6????????
???????? ¼i(L)1 = ¼
A
1
 
qA11 ; q
A1
2

; ¼
i(F )
2 = ¼2
 
qA11 ; q
A1
2

?????
¼
i(F )
1 = ¼
A
1
 
qA21 ; q
A2
2

; ¼
i(L)
2 = ¼2
 
qA21 ; q
A2
2

?????????????
? i???? I-i? i?????????????????????????
? 6???? I-i
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????????????????????¢¼1?¢¼2 ?????????
(5-A),(6),(9),(10),(24)??? (25)??
¢¼i1 = ¼
i(L)
1 ¡ ¼i(F )1 =
¡(1¡ c1)2µ3(3µ ¡ 4)
16(2¡ µ2)2 < 0; (37)
¢¼i2 = ¼
i(L)
2 ¡ ¼i(F )2 =
¡(1¡ c1)2µ3(3µ ¡ 4)
16(2¡ µ2)2 < 0 (38)
?????? 1,2???????????????????????????
???????????????????????????????????
???????????????????????????????????
???? 5-1??????? I-i? ¢¼i1; ¢¼i2 ?????????????
????????
??? I-ii??? 4-1 ?? qA21 < q01 < qA21 ??????????? 1 ?
EC1 =
 
qC11 ; q
C1
2

????????????EA2 =
 
qA21 ; q
A2
2

??????
?? 2??????????? 7???????????????? ¼ii(L)1 =
¼A1
 
qC11 ; q
C1
2

; ¼
ii(F )
2 = ¼2
 
qC11 ; q
C1
2

, ??? ¼ii(F )1 = ¼
A
1
 
qA21 ; q
A2
2

;
? 7???? I-ii
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¼
ii(L)
2 = ¼2
 
qA21 ; q
A2
2

??????(5-A),(17), (18),(24)??? (25)???
???????????
¢¼ii1 =
µ2 ¡ 2
2

q01 +
(2¡ µ)(1¡ c1)
4
2
¡ µ
3(1¡ c1)2(3µ ¡ 4)
16(µ2 ¡ 2)2 < 0
(39)
????¡1 < µ < 0; 0 < c1 < c2 ???????????????? 2??
??? (6),(17),(18),(24),(25)???
¢¼ii2 = ¡ (µ ¡ 2)
2 (1¡ c1)2
8 (µ2 ¡ 2) ¡
 
µq01 + c1 ¡ 1
2
4
(40)
????(40)? q01 ?????????????????? q01 =
1¡ c1
µ
< 0
?????????q01 > 0????????? I-ii????? ¢¼ii2 ? q01 ?
?????????????????????qA21 < q01 < qA11 ???¢¼ii2 ?
?????? q01 = qA21 ??????
¢¼ii2

q01=q
A2
1
= ¡µ
4 (µ ¡ 2)2 (1¡ c1)2
64 (µ2 ¡ 2)2 < 0 (41)
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? I-i??????????????????????????
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 
qC11 ; q
C1
2

?????? 1??????
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 
qC21 ; q
C2
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
???????? 2??????????? 8???
????????????? ¼iii(L)1 = ¼
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 
qC11 ; q
C1
2

; ¼
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2 = ¼2
 
qC11 ; q
C1
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
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 
qC21 ; q
C2
2

; ¼
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2 = ¼2
 
qC21 ; q
C2
2

?????????
???????????????????????????(5-A),(17),(18),(21)
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
(µ + 2) q01 + c1 ¡ 1
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q01=q
A2
1
< 0 ?????? (40)?????????
??¢¼iii1

q01=q
A2
1
< 0 ????????6) ????? qB11 ?????
¢¼iii1

q01=q
B1
1
=
f¡µ(1¡c1)+2(1¡c2)g(1¡c1)(µ¡2)
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??? I-iii?????
??
µ2
2(µ + 2)
< a < 1?????¢¼iii1
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1¡ c1
< 0;
@a
@c2
=
1
1¡ c1
> 0
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4
< 0 (48)
???????????????????? 2?????????????
??????????I-iii???????? 1????????? 2????
???????????
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4
;
¡M2 ¡
p
M 22 ¡M1M3
M1
#
< a < 1 (53)
???
0 < µ < 1 (54)
????????? 11????????¢¼iv1 > 0?????? a??? µ?
?????
???? 2?????
¢¼iv2 =

(µ2 ¡ 2)q01 + (1¡ c1)(1¡ µ)
	  
2q01 ¡ 1 + c1

µ2
¡

(4¡ µ2)(1¡ c1)¡ 2µ(1¡ c2)
	2
16 (2¡ µ2)2 (55)
????
@2¢¼iv2
@q0
2
1
=
4(µ2 ¡ 2)
µ2
< 0????¢¼iv2 ? q01 ?????????
???????????? qB11 ?????
@¢¼iv2
@q01

q01=q
B1
1
=
(1¡ c1)
 ¡µ2 + 4a
µ2
> 0 (56)
???????????? ¢¼iv2 ? q01 ???????????????
¢¼iv2

q01=q
B1
1
= ¡ (µ
2 ¡ 2)2  µ2c1 ¡ 2c2µ ¡ µ2 ¡ 4c1 ¡ 2µ + 42
16µ2(µ2 ¡ 2)2 < 0 (57)
???????? I-iv????? ¢¼iv2 < 0?????????? 2???
9)
¡M2 +
p
M 22 ¡M1M3
M1
¸ ¡2M2
M1
= 1 +
µ

µ3 + 6µ
2 ¡ 16

5µ4 ¡ 24µ2 + 32 ¸ 1 ???
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? 11???? 1: ¢¼iv1

qB21
???: c1 = 0:1; c2 = 0:2 ???
??????????????????¢¼iv1 > 0??? ¢¼iv2 < 0????
??????????????????????
??? I-v??? 4-1?? q01 < qB21 ????????????EB1 =
 
qB11 ; q
B1
2

?????? 1?????????EB2 =
 
qB21 ; q
B2
2

???????? 2?
????????
????????????? ¼v(L)1 = ¼
B
1
 
qB11 ; q
B1
2

; ¼
v(F )
2 = ¼2
 
qB11 ; q
B1
2

?
??? ¼v(F )1 = ¼
B
1
 
qB21 ; q
B2
2

; ¼
v(L)
2 = ¼2
 
qB21 ; q
B2
2

????????(45)
????
¢¼v1 =
¡µ3(1¡ c1)2(a2µ ¡ 2aµ + 4a¡ 3µ ¡ 4)
16 (µ2 ¡ 2)2 < 0 (58)
????????0 < a < 1;¡1 < µ < 0??????????a2µ ¡ 2aµ +
4a¡ 3µ ¡ 4 = µ (a¡ 1)2 + 2	¡ 4(1¡ a) < 0?????????????
? 2????????? (45)????
¢¼v2 =
¡µ3(1¡ c1)2(2a2µ ¡ 4aµ + 4a+ 3µ ¡ 4)
16 (µ2 ¡ 2)2 < 0 (59)
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???????????????????????
? 12???? I-v
????????0 < a < 1;¡1 < µ < 0????????? 2a2µ ¡ 4aµ +
4a+ 3µ ¡ 4 = µ 2(a¡ 1)2 + 1	¡ 4(1¡ a) < 0?????????????
?? 2?????????????????
?????????????????¢¼1 ? qB21 ???????????
?????????????(46)??
¢¼v1

q01=q
B2
1
¡¢¼iv1

q01=q
B2
1
=
a(1¡ c1)2(aµ2 ¡ µ2 ¡ 4a¡ 2µ + 4)
4 (µ2 ¡ 2) < 0
(60)
????????0 < a < 1;¡1 < µ < 0???aµ2 ¡ µ2 ¡ 4a ¡ 2µ + 4 =
(4¡ µ2)(1¡ a)¡ 2µ > 0??????????????? I-iv??? I-v?
q01 ????????????? 13???
5. ??? II
??? II?????????? 3???? 4-2?????????qB21 <
qA21 < q
B1
1 < q
A1
1 ??????????¢¼1 ?¢¼2 ???????? I-iii?
?? II-iii??????????????? 2????????????????
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? 13?¼iv1 ?? ¼v1 ??????
???????I-ii? II-ii?????????????q01 ???????????
????I-iv? II-iv?????????????????????¢¼1 ?¢¼2
???????????????????? II???¢¼1?¢¼2???????
???¢¼iiik 6= ¢¼iiik ??????????¢¼jk = ¢¼jk; j = i; ii; iv; v ????
k = 1; 2????
??? II-ii??? 4-2???II-ii???? qB11 < q01 < qA11 ????I-ii??
? qA21 < q01 < qA11 ????????????? I-ii???? ¢¼ii1 < 0??
????????¢¼ii1 ? q01 ??????????????? q01 = qA11 ??
?? ¢¼ii1

q01=q
A1
1
< 0?????????????¢¼ii1

q01=q
B1
1
< 0????
?? 2??????(45)?????
¢¼ii2

q01=q
B1
1
= ¡µ(1¡ c1)
2

4a2µ ¡ 4aµ2 ¡ 8aµ + 16a¡ 4µ2 + 3µ3
16 (µ2 ¡ 2)2
(61)
????[ ¢ ]??
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4a2µ ¡ 4aµ2 ¡ 8aµ + 16a¡ 4µ2 + 3µ3
=

4a2µ ¡ 4aµ2 + µ3	+ 8a¡ µ2
4

(2¡ µ)

< 0 (62)
????(62)??????? II??? (27)? (45)?? a¡ µ
2
4
< 0????
???¡1 < µ < 0???f ¢ g?????????????????????
1??? 2?????????????????
??? II-iii??? 4-2???qA21 < q01 < qB11 ???????EB1 =
 
qB11 ; q
B1
2

?????? 1 ?????????EA2 =
 
qA21 ; q
A2
2

???????? 2
????????????????? ¼iii(L)1 = ¼
B
1
 
qB11 ; q
B1
2

; ¼
iii(F )
2 =
¼2
 
qB11 ; q
B1
2

?¼iii(F )1 = ¼
A
1
 
qA21 ; q
A2
2

;??? ¼iii(L)2 = ¼2
 
qA21 ; q
A2
2

??
??????
¢¼iii1 = ¡f¡(1¡c1)µ+2(1¡c2)g
2
8 (µ2 ¡ 2) ¡
(1¡c1)2(µ2+2aµ¡4)2
16 (µ2¡2)2 + (c2¡c1)q
0
1
(63)
???????? qA21 < q01 < qB11 ?????? qB11 ??????
? 14???? II-iii
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¢¼iii1

q01=q
B1
1
=
(1¡ c1)2
 
8(µ2 ¡ 2)a2 ¡ (3µ ¡ 4)µ3
16(µ2 ¡ 2)2 < 0
???10)????
@¢¼iii1
@q01
= c2 ¡ c1 > 0
??????????????????????¢¼iii1 < 0????????
???? 1??????????????????? 2??????
¢¼iii2 = ¡ (1¡ c1)
2(µ ¡ 2)2
8 (µ2 ¡ 2) ¡
(¡2µ + µ2c1 ¡ µ2 + 2c2µ ¡ 4c1 + 4)2
16 (µ2 ¡ 2)2
=
(1¡c1)2
¡32¡4µ2a2¡12µ3¡16µa+8µ2a+32µ+µ4+4µ3a+8µ2
16 (µ2 ¡ 2)2
(64)
????(64)? [ ¢ ]???
fµ4 ¡ 1g+ 12f¡µ3 ¡ 1g+ 8fµ2 ¡ 1g+ 16fµ(1¡ a)g+ 8fµ(1 + aµ)g
+ f4aµ3 ¡ 4a2µ2 + 8µ ¡ 11g < 0 (65)
??????? (65)????? f¢g?? ¡1 < µ < 0; 0 < a < 1?????
???????????(64)???????? 2????????????
?????
??? II-iv??? 4-2???II-iv???? qB21 < q01 < qA21 ????I-iv?
???? 4-1?? qB21 < q01 < qB11 ????????????????? qA21
???? II-iv? II-iii??????????????????¢¼iv1 ;¢¼iv2 ?
?????????????? qB21 ????¢¼iv1 ;¢¼iv2 ?????? I??
??????? I????? a >
µ2
4
????¢¼1

q01=q
B2
1
> 0 ??????
??? 11???????????? II???(37),(46)?? a <
µ2
4
????
????????? ¢¼1

q01=q
B2
1
> 0 ?????????????????
11???????????II-iv???????? 1???????????
2??????????????????????????????????
??????????
10) ??? ¡1 < µ < 0 ?????????
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???????????????????????
??????????????????
???? 5?
??? II-iv??????? 1? ¢¼iv1 > 0???????????????
?????
??? II?? iv???????? i,ii,iii,v?????¢¼1 < 0; ¢¼2 < 0?
????????????????????
???? 4? 5???????????????
???????????????????????????????????
???????????????????????????????????
????????????????????
???????????????????????????????????
6. ??
2?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
| 81 |
?????? 71 ?? 1 ?
??????????????????
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